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Abstract 
The paper deals with economic and psychological aspects of the decision making process in the 
area of maintenance and repair. A change of risk assessment criterion from the expected value 
to maximisation of expected utility is the essence of the approach in question. Some aspects of 
tendency to risk taking and aversion to risk have been discussed. The theory of utility has been 
employed. Selected research results on tendency to risk taking have been presented. A variety of 
environments have been researched, including the so called small business in construction 
industry.  
Research results suggest a differentiation of attitudes towards risk which, in turn, influences a 
choice of decision options. Effects of alternative attitudes have been analysed using dendrites, 
as well as basing on an example of a plumber. The influence of those attitudes on economic 
effects of the plumber-decision maker and, therefore, on the area of maintenance and repair are 
clear. A small plumbing plant(near Poznan, Poland) was the inspiration for this study. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
Department of Civil Engineering, Sebelas Maret University  
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1. Introduction  
Representatives of a number of industries usually participate in the maintenance and 
repair process. The paper covers a selected industry, namely preparation and installation 
of the plumbing system. A plumber faces a number of production related problems, 
besides delivery and installation of, for example, fittings, pipes, and so on. Therefore, 
one of his dilemmas may be whether or not to invest or order goods, or perhaps produce 
complete sets for the future use, waiting for a change in demand. Those are typical 
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dilemmas connected with the risk - c.f., Samuelson i Marks (Samuelson and Marks 
1998). 
Solving a decision related problem in the conditions of uncertainty which, in fact, 
boils down to taking an optimum decision, can be presented on a graph called a dendrite 
graph. This is a tool facilitating the presentation of anatomy of a given decision. The 
technique of making and analysing dendrites is well-known. 
The simplest decision related case of a plumber is as follows: 
A site manager, that is a decision maker, debates whether or not to order a large or 
small amount (for example 1 000 or 2 000 pieces) of fittings at a specific price (for 
example 700 PLN) per piece. The manager may remain passive and not order the 
fittings at all. The following element of risk occurs here: if demand for fittings is high in 
the following season (for example, in the spring when earthwork begins), then the profit 
can be considerable. If the demand is low, which may be a result of market slump 
(longer winter, no new building sites), and quite a lot of money may be lost. 
The relationship of ordering or not ordering, depending on demand, may be 
presented and solved using single stage decisions/dendrites. 
Practical experience seems to show that one will often face sequential decisions. For 
example, a decision maker may postpone a decision to buy fittings until late autumn of 
the following year. Then, fittings could be bought, but at a higher price per piece. In the 
winter, a number of sets of fittings could be assembled in preparation for an early spring 
and then, when construction season begins, the sets could be installed right away. The 
decision maker knows from experience that seasonal character may considerably 
influence prices. It is especially important in the Central and Eastern Europe climate. 
Therefore, we are dealing with risk which stems from forecasting the above-
mentioned market condition. What becomes important is a number of random 
situations. Each of those situations are described using probability of its occurrence. 
In such a situation we use historical data regarding temperature and the so-called 
stage is enriched by new items of information. Most of the time this is subjective data, 
called a priori probabilities. After we have defined a priori probabilities and conditional 
probabilities for a specific case, we will arrive at a set of expected results presented on 
the right-hand side of Figure 1. 
Nevertheless, the procedure does not end here. The assessments of those options 
depends on the decision maker's attitude towards risk taking - in this case it is the 
manager of a plumbing company. The gist of this paper is the analysis of such an 
attitude (including aversion to risk) and its results. We are going to show how the 
attitude towards risk taking influences the strategy of taking steps.  
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Figure 1. The decision tree for a PLUMBER problem: sequential decisions 
An important factor in decision-making, in other words in management, is aversion 
or predilection to risk taking. Therefore, attitude towards risk taking can be (and is) 
important in assessment of options and, at the same time, indicates the need of taking 
personal traits of the decision maker into consideration. Even in economic debates 
personality traits of both decision makers and consumers are increasingly debated. 
Generally speaking, all kinds of tendencies, passions, behaviours, affects, attitudes, and 
emotions are debated. A tendency can (and often does) translate into practical effects. 
In practical terms (mostly in technical literature) the debate is usually limited to 
maximising the value of expected results. In such  a case, analysis procedure is 
relatively simple, both for technical and economic tasks. The matter becomes more 
complicated when we use the criterion of maximisation of expected usability. The rule 
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embraces tendency towards risk-taking. A general pattern of procedure in the extended 
aspect is presented in Figure 2. 
The procedure presented in Figure 2 suggests that a decision mak
to be taken into account in this analysis and, therefore, it is a procedure based on the 
criteria of maximisation of expected utility. Utility, in other words - worth, is a relative 
value of possible results of decisions taking into consideration the decision maker 
preferences. Here, we are dealing with a subjective measure of worth of specific results 
of decisions taken, or the degree of satisfaction of the decision maker from the profit 
reached. This is the domain of utility theory, were described in the source literature. 
Compare, for example, the works of Friedman and Savage, Scott and Boussad 
(Friedman and Savage 1948; Scott 1975; Boussad 1996). Kahneman and Tversky 
presented the next step in the development of this theory (Kahneman and Tversky 
1979). 
 
Figure 2. Procedure of analysis applied in the discussed case 
It is a utility curve that is an expression of the decision-maker's attitude. Generally 
speaking, three types of utility curves can be named. A curve with a concave shape (Fig. 
3a) represents different degrees of resentment towards risk. In everyday life this case 
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occurs quite often because the majority (management and staff) are quite careful. The
convex shaped curve (Figure b) is characteristic of decision-makers more less inclined
towards a risk taking.
A straight line (c) is characteristic of people who lack both resentment and
predilection to risk. In that case, if we translated financial effects into utilities using a
straight line, it would only change the scale of results, and replacing those results with
corresponding utilities would not influence a change of choice of the best action. What
it means is that in case (c) the decision maker does not need to reach for utilities. This 
approach can be found in other models of decision-making models (Gajzler, Kaplinski,
Schunk and Cornelia),including game theory (c.f., Von Neumann and Morgenstern,
Meszek, Kaplinski), and multi-criteria optimization Thiel, Kaplinski (Gajzler 2010;
Kaplinski 2009; Schunk and Cornelia 2006; Von Neumann and Morgenstern 1944;
Meszek 2008; Kaplinski and Tamosaitiene 2010; Thiel 2008; Kaplinski and Tupenaite
2011).
In practical terms, a utility curve can consist elements of all curves presented in
Figure 3. Quite often management staff show resentment towards risk in higher ranges
of the curve and, simultaneously, and predilection to risk in the lower ranges of the
curve. Then, the utility curve takes the shape resembling the letter S (Figure 3d).
Figure 3. Common cases of utility curves: a) a decision maker with an aversion to risk, b) a decision
maker with a predilection to risk, c) lack of resentment predilection to risk, d) S curve.
2. A Completed Survey on Attitudes Towards Risk
The inspiration to research attitudes towards risk were the results of six possible
options arrived at in the plumber problem, and listed in Figure 1.
The survey, which was carried out using the same options, was done in three stages:
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 amongst participants of the conference on company risk management (in 
Ciechocinek, Poland), 
 at the postgraduate course for civil engineers (a course in Construction Management, 
 
  
Altogether, 57 people participated in the survey. The survey was anonymous, while 
the participants were only supposed to mark male or female and, optionally, whether 
they run their own business or services (own company) or not. In that case the important 
thing was to find a connection between creativity and attitude towards risk. The 
questionnaires were filled in, only differing in the choice between possible outcomes 
(decision options). The analysis of one of the questionnaires is presented below. It was 
defined as THE PLUMBER problem.  
The continuation of the analysis, based on the criteria of maximum expected utilities 
(worth), that is, relative value of decision results which can be obtained taking into 
account the decision maker preferences, should be carried out according to the 
procedure presented in Figure 2. Within THE PLUMBER problem (see Figure 1) there 
are six possible results: -430 000; -250 000; 0; 20 000; 150 000; 300 000. Due to the 
fact that the utility scale is discretional, it can be assumed that utilities (U) of extreme 
results are: 
U(300 000) = 1  and U(-430 000) = 0 
The utilities of intermediate results should then be defined. There are a number of 
ways of defining the utilities of intermediate results. In the questionnaire, only one of 
those ways of defining utility has been assumed, namely: 
A decision maker is placed before a choice between certainty of a given result and a 
lottery involving two extreme results. 
In the present problem, there are, in descending order, six possible results: from + 
300 000 to  430 000 (PLN). A decision maker (company owner) is asked to make a 
choice between the first option, signifying a sure result (in the following order: 150 000; 
20 000; 0; -250 000), and the second option, which is a lottery, were the figure of 
+300.000 may occur with probability p or the second option, that is a lottery were the 
figure of +300 000 may occur with probability p or 430 000 was probability 1-p.  
Firstly, there was a survey for the result of 150 000 (PLN): 
p
p
1thousand430
thousand300
    (sure) thousand150  
With p = 0, the decision maker in will certainly choose 150 000! It could happen 
was the probability of 0.9 of winning and 0.1 of loss  430 000; or 0.8 of winning and 
probability of 0.2 of loss 430 000; or 0.7 of winning and probability of 0.3 of loss 
430 000; 0.6 of winning and 0.4 of loss  430 000. Increasing the probability of winning 
300 000 PLN to a maximum, we are going to reach such a distribution of probabilities 
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were both possibilities will be equal for the decision maker. (And this is what depends 
on the decision-maker's attitude. The probability of p = 1 is reserved for the value of 
300 0000).  
The participants were asked one question: At what p probability both options (-
300 000 and + 150 000) may be equal for the decision maker (equally good)? 
The procedure is then repeated for the remaining intermediate results. All results 
(that is, all survey participants answers) have been compared in Figure 4. (Intermediate 
values, for example 0.85 could have been provided). 
 
Figure 4. Comparison of all answers  results (in thousand PLN) 
What is noticeable is considerable dispersion of results. The top line signifies the 
decision maker with exceptionally high aversion to risk. This survey participant (risk 
takers conference in Ciechocinek) shows an exceptional lack of resentment, or 
considerable dislike to risk-taking! Bottom lines are characteristic for decision-makers 
with a predilection to taking risk. Translating those various attitudes towards risk into 
specific actions (of selecting an option) is going to bring about very different effects! If 
the decision is taken individually, then those results should be selected from a set of 
results, which characterise an attitude towards risk by a specific (potential) decision 
maker. Two bold lines are characteristic for decision makers originating from the 
plumbing company. Those two options will be used in further research. 
Basing on the selection, and making the lines bold (Figure 4) the following 
conclusions could be drawn: 
 Males running their own businesses showed the least tendency to risk taking (1);  
 All males showed a tendency is to risk in the upper realms of winning values;  
 As to females, the curve is convex! Among all the participants of the survey it is 
women who show most predilection to risk taking! 
A straight, "neutral" line has not been added to Figure 4 (line c, like in Figure 3) in 
order not to blur the picture. Nonetheless, this line is characteristic of people who both 
lack resentment and predilection to risk. A graph containing a straight line is also 
0
0,2
0,4
0,6
0,8
1
-500 -300 -100 100 300
611 Oleg Kapliński /  Procedia Engineering  54 ( 2013 )  604 – 614 
characteristic for the cases when risk-taking is debate with a ("traditional") criterion, 
that this maximisation of an expected value. 
3. The Influence of Attitude Towards Risk Taking on the Choice of an Option  
At first glance it may seem that the defined functions of utility will not be really 
significant while choosing a relevant variant of behaviour (investing, and so on). What 
we are about to prove is that individual preferences may not be taken lightly. Among 
the data (Figure 4), we are going to choose two cases (marked with a bold line), in other 
words to utility functions reflecting to attitudes towards risk-taking (Table 1). 
Table 1. Two chosen options of the decision-makers attitudes towards risk-taking 
Results 
(profit)PLN 
Utility 
Option I Option II 
300 000 1 1 
150 000 0.95 0.50 
20 000 0.75 0.2 
0 0.66 0.1 
- 250 000 0.1 0.05 
- 430 000 0 0 
 Decision-maker with  
risk aversion 
Decision-maker with 
a tendency to risk 
The effects of attitudes towards risk-taking will be matched against the above-
mentioned "PLUMBER problem". Because of the fact that the example has been 
analysed using a dendrite (Figure 1), further on both drawings should be used. The 
decision taking analysis is presented in Figure 5, while utilities are presented in Figure 
6. 
The results of utility analysis have been written into the dendrite (Figure 6). In the 
first column (on the right hand side of the drawing) utilities for option I have been 
presented and, respectively, in the second column, there are utilities for option II. The 
analysis results for option I have been recorded above the events, while the analysis 
results for option II have been recorded below are the events (in italics). 
In the first case (option I), we come across the decision maker was a clear aversion 
to risk taking, who will not prefer the choice of xB  option (presented in Figure 5), 
whereas in the second case (option II) we come across a decision maker with a stronger 
tendency to risk-taking. Such a decision maker will choose options xF and Z2, that is, he 
or she is going to wait for an appropriate situation and will buy 2 000 fittings in a single 
move. Moreover, this decision maker assumes a shorter break in works on the building 
site, thanks to which he or she will be able to make a profit of 300 000 PLN. Both 
behaviour options have been written onto Figure 5 using a bold line.  
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Figure 5. The decision-making analysis - a dendrite: "The PLUMBER problem" 
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Figure 6. The results of analysis using two utility functions 
The result of this analysis is as follows. A cautious (fearful) decision maker is aiming at 
a profit of about 150 000 PLN, while a decision maker with a tendency to risk taking 
(option II) is aiming at a profit of about 300 000 PLN. 
4. Concluding Remarks 
Replacing the criterion of maximisation of expected value with the criterion of 
maximisation of expected utility changes the picture and the manner of approaching risk 
analysis and management. 
0.2 0.75 
0 0 
0.95 
1 1 
0.50 
0.50 0.95 
0 0 
1 1 
0.75 0.2 
0.90 
0.95 
0.9 
0.93 
0.9 
0.93 
0.9 
0.9 
0.47 
0.93 
0.25 
0.25 
0.275 
0.8 
0.525 
0.55 
0.50 
0.95 
0.9 
0.95 
0.25 
0.5 
0,5 
0.275 
0.8 
0.66 0.1 
0.95 0.50 
0.95 0.50 
0.1 0.05 
1 1 
0.5 
0.5 
0.75 
0.25 
0.75 
0.1 
0.1 
Option I: 
resentment 
(risk aversion) 
Option II: 
predilection 
(propensity to 
risk) 
614   Oleg Kapliński /  Procedia Engineering  54 ( 2013 )  604 – 614 
Analysing attitudes towards risk-taking brings about an interesting perspective of 
the problem of  strategies of taking action. It explains the mechanism of decision-
making, merging economic and psychological aspects.  
The analysed example shows the way in which even slight differences in attitudes 
towards risk-taking and in assessments of an expected utility by decision makers may 
greatly influence the choice of a strategy option. This problem becomes even more 
significant in view of competition. 
The issue presented in the paper can be encountered not only in the strategy of 
plumbing work implementation, but also in many examples within the realm of both 
small and large projects. It is also relevant to investors and contract engineers. 
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